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© Fermentation of a triol heptanoic acid by mutant strains of aspergillus terreus. 

thus useful as an antihypercholesterolemic agent, and in which it may aiso serve 
preparation of other HMG-CoA reductase inhibitors. 
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BRIEF SUMMARY OF THE INVENTION 



ih» n h ^ Pre t Sent 7TT rel3teS t0 Str3inS of As P er 9iHus terreus useful in a novel fermentation process for 
the production of at least 5.2 g/L of 7-[1.2,6,73,8a(RH^ydro-2(S)3(Rhdimethyl-8(S)-hvaroxv-1 f SV 
5 naphth y , h 3(R)5(R)-dih y droxyheptanoic acid (trio, acid, I) by mutant strains of CX £Z 

^tztzc:\^° i acidKe,ated side pms - as — - ^a™***. js 

^J^! l aCi f !I > iS !" inhibit ° r ° f 3 - h y drox y- 3 - m ethylgl u taryl-coen 2y me A (HMG-CoA) reductase an 
enzyme involved in cholesterol biosynthesis. As an inhibitor of that enzyme, the triol acid is useful as an 

T ? PerC H 83 er ° em,C a9ent " findS fUrth6r USefU ' neSS 33 an '^mediate for the preparation of other 
an .hypercholestero.emic agents, especially those having various side chains at the 8 .position o the 
polyhydronaphthy. ring . For example, simvastatin, which has a 2,2-dimethy.butyryloxy sid^chaTn at tha" 

n^' rr^M o 8 '" 9 ,aCt ° ne f ° rm ° f the ,ri °' aC,d as a starti "9 ma teria.; in accordance with 

procedures described in U.S. Patent 4,444,784. 1 

75 to J T P T ent Z enti ° f n SpeCifica " y relat8S to * e strain MF -5544 of Aspergillus terreus, ATCC 74064 and 

0 bTo/L of S n ra n7 hT° t W w Ch H are CaPab ' e ° f Pr ° dUCing 3t ' eaSt 5 2 9/Loftrio.a cidliTand not more than 

0. 85 g/L of (tnol ac.d)-related s.de products and less than 0.10 mg/liter of lovastatin 

A S nJrnn.Tt ent inVenti ° n a ' S ° r6 ' ateS t0 * fermentation P rocess j " which the herein disclosed strains of 
Aspergillus ^reus are grown in the presence of a culture medium to produce the triol acid as the 
20 predominant fermentation product. 

BACKGROUND OF THE INVENTION 

25 hp art H H P f Chol *? e f e ™ a is known to be °™ <* the prime risk factors for atherosclerosis and coronary 
E 1h fT « eadm9 C3USe ° f ^ 30(1 diSabi ' ity in western countries - Bil * acid sequestrants seeTto 
be modera te.y effect,ve as antihypercholesterolemic agents but they must be consumed in large quotes 

1. e., several grams at a time, and they are not very palatable. quantites, 

MEVACOR® (lovastatin), now commercially available, is one of a group of very active antihyper- 
,„ ?°' eSte ; 0l ? miC ! 9en I S th3t funCti0n by ,imitin 9 cholesterol biosynthesis by inhibitingThe enzyme HMG- 
30 CoA reductase. In add.tion to the natural fermentation products, mevastatin and lovastatin E£ are a 

• ™rZe^ d , totaliy synthetic ana,o9s thereof - For exampie " simvasta « n 

moiety is 2 2-d.methylbutyryloxy ,s an even more potent HMG-CoA reductase inhibitor than lovastatin 
S.mvastat.n ,s now commercially available as ZOCOR® in some markets 'ovasxatin. 

35 die. T^'/m^ Pr ° dUCed ^ PrOCeSS diSC ' 0Sed h6rein ' may after 'actonization to its corresponding 
35 d.ol lactone (II) serve as a starting material for the formation of simvastatin and other 8-ester analogs and 
iTLn ntam,n9 ,I he Po'^ydronaphthy. moiety and which function as HMG-CoA reductase inhibSrs 
bv Endot° a f *1 °h T 3b0ve D has been P roduced b y fermentation of Monascus ruber as described 
by Endo et al, pubnshed Japanese Patent Appln. 86-13798 (1986). A more recent pub lican by Endo J 

<o ^^ir^ 6 l°r m diSC ' 0SeS Vari ° US ° f M ° naSCUS ruber which y jeld mevinSn (lovastaiiF) 

(> FUrt f h r m o 0 ? tn °' 3Cid 0) 3nd itS c °^-pCTg-dioTlictone (II) have been produced by 
chemical hydrolysis of the 8-(a-methylbutyryloxy) group from lovastatin 

cult.,^ nfA^r 6 ',? V° teaCh L^ ° r SU " estion in the art for the Production of triol acid (I) employing a 

related dSS^I ^ *? ™ h hiQh yie ' d With 3 minimum P roduction ° f triol acid 
4s fo^d h P roducts - ' ndeed 'there is no teaching or suggestion in the prior art that triol acid (I) can be 
ZZ i J ' m,Cr0be ' ,n h '9 h yield with a mini ™" P^uction of triol acid related side products. Ts 
noted t is a significant advantage of the present invention that these, difficult to separate, triol acid related 
side products are formed in very low amounts. reiaieo 



n very low amounts 
DETAILED DESCRIPTION OF THE INVENTION 



The present invention relates to a novel fermentation production of 7-[l ,2,6,7,8 8a(R)-hexahvdro-2iSi 6- 
££r o rS ^ < tri °' acid,S)^i Ch C^ 
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„ The present invent concerns novel strains o, As^us, ™™ ^^^^ 

■ socles, and specifically HMS-CoA reductase inhiKtor, 

The term -trial acid-re.ated . de products s _dehned he »n to me y ^ ^ _ ^ nm 

this area. «tn,rhire to the triol acid itself and thus are difficult to 

SmmM acid re^ed side ^",,^^1- can be obtained by 

,„ The novel strains ol Asper^ terreu; ^"^"^^Te publicly ayailable. For example, 
mutagenesis of lovastatin producing strains of ™, s "Zsited vrith the American Type 

U.S. 4,23, ,938 describes ,ovas«n-p,oduc,ng sfram >%£f£££ £ P subjected „ mutagenesis, e.g„ 
Culture Collection under accession No. ^J^hT^L, agenesis. The extant of mutagenesis 
by treatment with UV, nitrosoguanrdma and pso cros sl "^9 ™ ^ s „ ain for , speciflc gro wth 
as may be determined by auxotrophy. i.e., the requirement ol m ™J n "™ ^ b M stra in. An 

" subside beyond the minimum regulator ^^-^^1 any growth o, 
alternative monitoring system involves use of the ntercal a«ng dye mi)t agenesis, 
the parent lovastatin-producing strains ^f^JZ^^Z^ and pooled and subjected to 
allows grow* o, about 3-5 co onias P £££££££ abated strains of Aspergmu; ternms can be 

« '^^^^Z^^^^^ muttons in the 
p are7s,rs.7oJev£ X SZZ muln, was isolated after relative,, heavy 

^^^rSrS^T^ AsperW tarreus. M«44 exhibit, the 

following morphological features: ov v rar -t anar fDifco) at 20'C 12/12 hr light/dark in 

55 Colonies attaining a diameter of 10 mm on ^"^T^ o T^ayl attaining a diameter of 12 
7 days; attaining a diameter of 34 mm * % ™ on 0 Leal agar (Difco) at 37- C. 

growth at 2CC. On .east-ma, extract 
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hemispherica. with metu.ae covering the upper 4^-60% ConTdia I T, T^' Sub 9 lobose to 
contents. Hul,e ce.ls, sc.erotia, and cL^hecl absent ° SUb9 '° bOSe - hyaMne ' W " h < Me 



Culture Medium 



-smwmmm. 

■ sliiliKIlp 

pnmary yeast, peanut meal, distillers solubles corn steeo liauor V n !l n f , P CaSe ' n ' 

inoculum described in Example 1. ^ th6n r6ady ,noculat e<J ™ith the seed 



Fermentation Process and Conditions 
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MMkn in the .«*«~£d «■ » -^J ^l^n^r .Snsfer te a produrtion m odiunn, 

srsisr-'ss. - — . — - — 

d ^ fermemanon Is «a»d in a J- ^clSonT^ 

development. The nutrient med,um for the seed stage ma ' °° J 28 „ c for 2 days , or 

nitrogen sources. The seed flask s shaken ^^^^^ZStt^ either a second stage 
until growth is satisfactory, and some of the mu»ng Qrowtn deve ioped in essentially 

seeder the production medium. ^^^^^^J^^ are used to inocuiate the 
5 ^ZS^^tt ~ t temperature for several days, and at the 

S5E — period the ^e tanks provided with an 

, 0 is'made up in the tank and sterilized by heatmg ^^^^5^.,^. and the fermentation 
sterilized medium is inoculated w.th a prev.ous. Tom 3 to 16 days whi.e agitating and/or 

^rn^n^ 

triol acid is particularly suited for the preparation of large quantrt.es. 

25 

Isolation of Fermentation Product 

so practices for lovastatin whole broth ^^J^J^^S^ spe cies present in whole broth were 
Analysis of HPLC traces .nd.cated hat rnost of the ^^SS^ent to 3.5-4.5 while 70-72% of the 
removed in an initial isopropy. acetate ^^^^^M^ pH 11-12) with a very low loss 

rjjrww -ss — ia - is conducted to 

as recover me triol acid in an organic phase with very little reduction ,n y.e.d. 
Lactonization 

- 7^^r^TX^^ Z^ *>r acld-catalyzed —on - 
iovastatin-related compounds is described in U.S. Patent 4,916,239. 

EXAMPLE 1 

45 Pie garation at 7j1 » R 7. 8 .8a(m-hexahydro-2(S ^ ( m-d im ethv l -8-(S)-hydroxy-1(SVna P hth y .3-3(R). 5(R)- 
dihydroxyheptanoic acid (Triol Acid i)~ 
(a) Nitrosoguanide Mutagenesis & HPLC Assay 



„ a pure cu»u,e o, a lovas«a.in producing strain of A^gjus feneus was sfreaKed onto slants o. 
YME +TE and grown a, 28' C with typical room fluorescent l.ghling ,k* on 

r^srr itsrs sr5Jjrr:°is: ,oo P „ — . * 

jSTSr-l— » was transferred to a scew cap tube containing about 2S sferite 0.5 mm glass 
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^SoSSfn Tn m 'T- SPOr6S W6re C0Unted 0n a ^mocytometer and diluted to 

1x10* spores/ml n storage solution. Spore suspensions were stored at -80 • C until ready to use 

5) To three of the tubes. 0, m, of 1 mg/m, N-methylZ ^ 

water was added to the fourth. After mixing, the tubes were incubated It 7ft. T ^ V ™ ° f 
centrifuged immediately at 3000 g for 5 minutes at T ft 6 C ° ntro1 W3S 

6) Each tube of spores was diluted in water 1:10*. 1:10* and 110 s Fiftv ul of hi « ■ 
onto ipv^rai vmcj-tc „ ' " a " u • ■ • riny ui or each dilution was pated 

'5 7) After 2 more days individual colonies were picked from plates for which the scores had h««n 

HPLC Assay of Culture Extracts 

30 0 i/^SL^? " r S ya8d by , HPLC Und6r iS ° CratiC m ° bile Phase conditions of 4 5% acetonitrile and 55% 
so 0.1 /o phosphoric acid pumped at 1.5 mis/minuted through! a Whatman Partisil 5 C8 Wis ml an 9 ° 55/ ° 

b) Preparation of Slant Cultures 

35 " 
40 

YMF + TE Medium (Agar Slants) : 



Yeast Extract 
Malt Extract 
Glucose 

Trace Elements #2 
Agar 



Adjust to pH 7.0 with NaOH. Autoclave 20 min., 121 'C. 



4.0 g/L 
10.0 g/L 
4.0 g/L 
5.0 g/L 
20.0 g/L 



55 
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Trace Elements #2 




FeSCV7H20 


1000 mg/L 


MnSO**H 2 0 


1000 mg/L 


CuCl2*2H 2 0 


25 mg/L 


CaCfe 


100 mg/L 


H3BO3 


56 mg/L 


(NH*)eMo7024'4H2O 


19 mg/L 


ZnS04'7H 2 0 


200 mg/L 



PreP ^'^ using a seed Inoculum »nicn „as g,e„n in an "HLC" seed medium 

having the following components: 
75 "HLC" Medium 



Component 


g/L 


KH2PO4 


15 


Cerelose 


20 


Ardamine pH 


1 


Pharmamedia 


15 


Lactic acid (88%) 


2 


Ammonium citrate 


4 



| S available from Champlan Indusmes and Is a blended yaas.-p.in.an, gro»n. and 

30 b ' e "~adia „as purchased from ^^^^^"EXi-h » — - 
Each at lha abova ingredients «as added sequenwlly to disced - » and ft9 

for 20 minutes at 121 • C. The post sterile pH should be 6.5-6.6. 

35 

C ) Production Via Fermentation 

a, saline (0.7% NaCI). One ml of this mocutan ^ added to a (AteI „ a „vely, 1 ml of 

« containing 40 ml HLC seed medium whrchj tad J^JJ^ £ HLC seed „ ask „ as abated at 

45 production was seen at 14 days, 
d) Extraction of Triol acid 

— ^-,rea^^^^ 

after pH adjustment to 4.0 using 85% phosphoric acid (12 mL). 

55 

e) Lactonization 

70% Methanesu.fonic acid (MSA) (87 uL; 2 mM) was added to the IPAC layer of Example 1(d) and the 
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rtt°ir fl T ntrated by eva P° ration to "one-fifth of its original volume (100 mL) After the 
solution 7 Zat,0n ^ COmP ' ete bV HPLC ana ' ySiS ' the ,PAC was ™<* a sodium cTrL*e 

3>- CeS femOVe SPeCieS " ^ di °' ,aCt ° ne CrySta " i2ed out of the IPA C 'ayer at 



EXAMPLE 2 

Preparation of Frozen Conidia From Rice 



10 Asperg.llus terreus MF-5544 culture can be maintained as a frozen spore suspension. 250 gm of "Uncle 
Bens Converted Long Gram Rice" was washed with water in a 2800 ml Erlenmeyer f.ask uS L waS 
was clear The water was drained from the flask, and the flask sterilized by autoc.aving at 121 - C oTaO m n 

d^°°water ^ s7^T 7 tl T h "~ W " h the C ° nte " tS ° f 1 s,an < <«P— in 5 mi 

« hLITt ( aC,) by scra P ,n 9>- shaken - and allowed to incubate at 27.5 »C for 12-16 

^ 0 / ecov Ve° res - 250 -500 mis of a solution containing 5% lactose/10% glycerol was added th! 
flask shaken, and the filtrate collected through a sterile stainless steel mesh. The Uw^SJt^ 

*nTZ°e T ° 2en ^ " 9 °° C ^ ^ " 3 S ° UrCe ° f in ° CU,Um f ° r HLC seed as 252 aboJe 

?o EXAMPLE 3 



Formation of Ammonium Salt 



Cell pellets and/or cell debris were removed from the production flask by filtration or centrifuoation The 

- miXr^z^'s n°?^ 01 ammonium hvd,o,<ide ~ ,,:3) ££££££ 

mixture was seeded with 1 mg of triol ammonium salt and aged for 30 minutes. The temperature .„ 
Claims 

1. A culture of a strain of Aspergillus terreus wherein said strain is formed from the mutaaenesis of a 
« c~d^Sre Strain ° f - herein said culture is c*JT3E5£ I 




with formation of less than 0.002% yield of lovastatin. 
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2. A culture of MF-5544. ATCC 74064, or a mutant thereof, capable of forming a compound of structure 




with formation of less than 0.002% yield of lovastatin. 

A culture of Claim 2 wherein the compound of structure (I) is formed in a titer of at least 5.2 g/liter and 
wherein the triol acid related side products are formed at a yield of not more than 0.85 g/l.ter. 

A culture of Claim 1 wherein the culture is a biologically pure culture. 

A culture of Claim 2 wherein the culture is a biologically pure culture. 

A culture of Claim 3 wherein the culture is a biologically pure culture. 

A process for the formation of a compound of structure (I): 



H-Oy^ 0 




comprising cultivating a microorganism of Claim 1 under conditions suitable for the formation of 
compound (I) and recovering the compound. 

8. A process for the formation of a compound of structure (I): 



55 
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comprising cultivating a microorganism of Claim 2, under conditions suitable for the formation of said 
compound and recovering the compound. 

9. A process of Claim 8 wherein compound (I) is formed in a titer of at least 5.2 g/liter and wherein the 
triol acid related-side products are formed in a yield of not more than 0.85 g/liter. 



10 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



nnr.iMF.NTC CONSIDERED TO BE RELEVANT 



D.X 



appropriate. 



US - A - 4 387 242 
(LAM) 

* Claims 1.2; column 2 

US - A - 4 420 491 
(ALBERS-SCHONBERG et al . ) 

* Column 1-3 * 

lis - A - 4 376 863 
(LAM) 

US 



Column 1 * 

4 319 039 



(ALBERS-SCHONBERG) 

* Claim 1 * 

IIS — A — 4 444 7 84 
(HOFFMAN et al. ) 

* Claims 1,2,6.7; column 2 



1,2,7, 



1.2,7 



EP 92304739.3 



CLASSIFICATION OF THE 
APPLICATION gat. O.S) 



C 12 N 1/14 
C 12 P 7/42 
//A 61 K 31/19 
(C 12 N 1/14 
C 12 R 1:66) 



1,2,7. 



1,2.7. 



1,2,7, 




TECHNICAL FIELDS 
SEARCHED (tat. CL5) 



C 12 N 
C 12 P 



:4oai«wildt«dloroOM»re 



BNSDOCID- <EP 0517413A1J_> 



